Abstract: The dynamic effect of a hazardous waste site is analyzed by investigating the causal relationship between housing appreciation rates and house location in relation to a hazardous waste site using resale data from individual sales transactions in Dallas County, Texas. The results indicate that in the period in which the hazardous waste site was identified and cleanup occurred, residential property owners in close proximity to the hazardous waste site experienced lower housing appreciation rates. In the first postcleanup period, they gained some of the lost ground with a higher appreciation rate. In a subsequent post-cleanup period, their appreciation fell in line with property owners whose properties are located farther away from the hazardous waste site. This suggests that a long-run equilibrium has been reached since appreciation rates were not significantly different across the Dallas housing market in the second post-cleanup period. Although the results indicate that adjustment takes time, an equilibrium is eventually reached for the houses in this repeat sales data set. An important implication of our analysis is that since the post-cleanup recovery was not immediate, property owners should be compensated for their loss of liquidity.
The public's increasing awareness of environmental risks is reflected in the negative impact of environmental contamination on property values in the real estate market.
Although the effects of environmental contamination on property values have been studied, the current body of literature on the effects of locally undesirable land uses does not address the adjustment of property values to the discovery and cleanup of environmental contamination. Kiel et al. [9] come the closest to analyzing this issue.
They examine the effect of an incinerator siting on housing appreciation rates. However, their study is limited to siting and operation and does not consider any time period after the incinerator has been shut down or removed. In contrast, this paper examines the impact of environmental contamination and cleanup on residential property value appreciation rates by analyzing data from before identification of the hazardous waste site and before, during, and after cleanup has been completed. Consequently, it is possible to empirically investigate the longer-run market adjustment.
Stigma is a negative attribute of real estate acquired by the discovery of contamination and reflected in price Elliot-Jones [4] .· Using a theoretical model with external economies and adjustment costs, McCluskey [16] shows that both temporary stigma and permanent stigma are possible equilibrium outcomes after discovery and cleanup of a hazardous waste site. If the price adjustment after the cleanup of a hazardous waste site is gradual, as opposed to immediate and permanent, then the cost to the residential property owner cannot be measured immediately after cleanup. 2 The duration of stigma has significant legal ramifications. When the courts award stigma damages based on unrealized losses in property values, they are implicitly assuming that stigma damage is permanent and does not change over time. If stigma is temporary and compensation is awarded based on unrealized losses, then plaintiffs may receive a windfall. On the other hand, if the Courts consider the stigma to be temporary, then the property owner may receive no compensation, even though he or she has experienced a real loss. The loss emerges from the fact that during the period of temporary stigma, the asset is illiquid. Illiquid assets, all other things equal, generally have higher returns to compensate investors for what is given up in terms of liquidity. Consequently, determining the effect of environmental contamination and cleanup on housing appreciation rates is necessary to accurately estimate the true cost of the contamination to residential property owners.
In this paper, appreciation rates are calculated for houses in the vicinity of the RSR hazardous waste site. The RSR lead smelter in West Dallas, which operated from 1934 to 1984, caused soil contamination from air emissions and slag material. The slag material was used as fill in yards and driveways in nearby residences. The data set used in our analysis covers the period 1979 to 1995 and includes over 6,000 repeat sale observations. A repeat sales hybrid approach is advanced to examine the relationship between housing appreciation rates and the location of the house in relation to the hazardous waste site using data from individual sales transactions in Dallas County, Texas. The dynamic effects of the smelter are then analyzed by estimating its effect on housing appreciation rates. 3 The results indicate that during the time period in which the smelter was identified as a hazardous waste site and cleanup occurred, appreciation rates were negatively affected by proximity to the smelter. In the initial period after cleanup, the appreciation rates were relatively higher for houses in close proximity to the smelter. In a subsequent postcleanup period, the appreciation rates were not affected by proximity to the smelter.
Thus, residential property owners in close proximity to the smelter site experienced a lower appreciation rate, then gained some of the lost ground with a higher appreciation rate. Finally, after cleanup, their appreciation rates fell in line with property owners whose properties are located farther away from the smelter site. This suggests that a long-run equilibrium has been reached since appreciation rates were not significantly different across the Dallas housing market in the second post-cleanup period. Although our findings indicate that adjustment takes time, an equilibrium is eventually reached for the houses in this repeat sales data set.
IT. Previous Studies
Although there have been many previous studies which attempt to measure the effect of environmental contamination and cleanup on property values, they focus on a short-run [19] , Smith et al. [21] , Smolen et at. [22] , and Thayer et al. [23] have consistently found that proximity to hazardous waste sites and other locally undesirable land uses (LULUs) has a negative impact on property values. 2 The appreciation rate of house prices can be used to calculate the user cost of owneroccupied housing. It is also used to compare the rate of return on investment in residential properties to other types of assets. Kiel et al. [9] find that housing appreciation rates are affected as early construction begins on a locally undesirable land I Exceptions include Kohlhase [13] and Kiel [9] and Dale et al [3] . Kohlhase [13] and Kiel [9] examine property values at more than one point in time, but do not consider post-cleanup property values. Kiel et al. [12] examine housing prices before and after a failed incinerator siting. However, for the latter analysis the incinerator was only hypothetical. 2 For additional cites, see Farber [5] , which provides a comprehensive survey of empirical results.
5 use, and the adjustment continues several years after the facility has begun operation.
Greenberg et al. [6] and Greenberg et al. [7] have analyzed the effect of hazardous waste sites on housing appreciation rates. However, these two studies are based on aggregate and survey data rather than individual sales transactions.
III.

Model of Housing Appreciation Rates
The dynamic effects of the hazardous waste site can be examined by estimating its effect on housing appreciation rates. The annual appreciation rate, r, is defined as:
Where ris the year of the first sale, and t is the year of the second sale. Solving for r, we obtain (2)
t-r
The appreciation rate was calculated for each house in the resale data set. Following Kiel et al. [11] , the annual appreciation rate for each house (multiplied by 100) is used as the 6 dependent variable in regressions with housing, neighborhood, and environmental attributes as the explanatory variable. The estimated model is then the following:
Where the xi's are the explanatory attributes and & is an error term.
The explanatory attributes include different variables which affect the sale pnce, including house, neighborhood and environmental quality attributes. and the Galleria Mall. Environmental quality is described by proximity to the RSR lead smelter and three other sites. (Other environmental indicators, e.g., air and water quality, do not vary by location and were not included in this study). 7 IV.
Background and Data
The most important and publicized of the contaminated sites included in this study is the In 1991, the Center for Disease Control (CDC) lowered the blood level of concern for children from thirty to ten micrograms of lead per deciliter of blood. Low-level lead exposure in childhood may cause reductions in intellectual capacity and attention span, reading and learning disabilities, hyperactivity, impaired growth, or hearing loss (Kraft et al. [14] . Also in 1991, the State of Texas found hazardous waste violations at the smelter. In 1993, the RSR smelter was placed on the Superfund National Priorities List (NPL). For a summary, see the Event History in Figure 1 below. Three other contaminated sites are included in this study. These additional sites were selected on the basis of relative importance and proximity to active housing markets in the region. Each of these sites was listed on the EPA's Comprehensive Environmental
Response, Compensation, and Liability Inventory List (CERCLIS) during the study period, and none was cleaned up or removed from CERCLIS during the study period.
Information about these sites is presented in Table 1 . Slovic et al. [20] provides support for the use of event-driven time periods. In particular, they argue that social amplification of risk is triggered by the occurrence of an adverse event. 3 Kiel et al. The repeat sales data set includes variables describing price 4 and attributes of singlefamily, detached homes sold over the period 1979 to 1995 in Dallas County, Texas (Dallas County Appraisal District). The price appreciation rate was calculated for each house, which was sold twice within anyone of the four event-driven periods, but not within the same year. There are 6,321 houses that fit this criterion. The repeat sales-data set allows for a non-confounded analysis because the structural characteristics of the house do not usually change over time. A drawback of repeat sales analysis is that the sample size is usually much smaller than if single sales observations were included. 5 Using a Geographic Information Systems (GIS) database, Dallas County was set up as a grid of X and Y coordinates. Coordinates were assigned to each house and the airport, CBD, the Galleria Mall and the hazardous waste sites. Distance could then be calculated between any two points. The GIS database was also used to link each house to its census tract (and the corresponding demographic information). A description of the variables used in the analysis and descriptive statistics are presented in Table 2 . Finally, we note that Abraham et al. [1] found that there was a general real price decline in the Dallas metropolitan housing market in the time period covered in this study. They refer to the period 1987-1992 as a "bust" period.
V. Estimation Results
Using the repeat sales data set, appreciation rates were calculated for each of the eventdriven time periods. Crone et al. [2] compared five methods of estimating housing appreciation rates and found the repeat sales method to be the most accurate. The hypothesis considered is that the smelter has no effect on housing appreciation rates.
This hypothesis can be rejected if the coefficient on distance from the smelter is significantly different from zero. The results are presented in Table 3 . In the period before identification of the smelter (1979) (1980) , the coefficient on distance from the smelter is negative, but insignificant. In the period in which identification and cleanup occurred, which was also a period of intense media coverage (1981) (1982) (1983) (1984) (1985) (1986) ), a location that is farther away from the smelter had a positive and significant effect on the appreciation rate of the house. In the first post-cleanup period (1987) (1988) (1989) (1990) , the houses with locations that are in close proximity to the smelter experienced a significantly higher appreciation rate than houses located farther away. Finally, in the period of additional concern about the smelter area (1991-1995), a location that is farther away from the smelter had a positive but insignificant effect on the appreciation rate of the house.
Another hypothesis is that the smelter has the same effect on housing appreciation rates in each of the event-driven time periods. This hypothesis can be rejected if the coefficient on distance from the smelter is not equal across all time periods. This hypothesis is rejected since the coefficient on distance from the smelter is significantly different from the comparable coefficients in previous and subsequent periods.
Although the focus of this paper is on the effect of a hazardous waste site on housing appreciation rates, there are some additional observations that can be made based on the estimation results. However, in general, it is difficult to draw conclusions across time periods with with respect to the effects of amenities. Keeping that in mind, the boom and once may mean that the sample is not representative of the housing market. 14 VI.
Conclusion
Our results demonstrate that individual housing appreciation rates are affected by proximity to a hazardous waste site. Specifically, during the time period in which the RSR smelter was identified as a hazardous waste site and cleanup occurred, appreciation rates were positively affected by distance from the smelter. In the initial period after cleanup, the appreciation rates were negatively affected by distance from the smelter. In a subsequent post-cleanup period, the appreciation rate was not affected by distance from the smelter. Thus, residential property owners in close proximity to the smelter site experienced a lower appreciation rate. However, after cleanup was ruled completed they experienced a higher appreciation rate relative to other Dallas Area property owners.
Finally, in the subsequent period after cleanup, their appreciation fell in line with property owners whose properties are located farther away from the smelter site. This suggests that a long-run equilibrium was reached since appreciation rates were not significantly different across the Dallas housing market in the second post-cleanup period. Although our findings indicate that adjustment takes time, the equilibrium was eventually reached for the houses in this repeat sales data set.
From this analysis, we conclude that for the houses in close proximity to the RSR smelter there was a temporary stigma, which was corrected in the periods after cleanup.
However, there may be some selection bias in the nature of a repeat sales approach.
Houses which are closest to a hazardous waste site that were held off the market or had 15 no offers after the publicity about the smelter are the most likely candidates for longerterm or permanent stigma.
An important implication of our analysis is that since the post-cleanup recovery was not immediate, prope~ owners should be compensated for their loss of liquidity. Just as illiquid investment assets generally offer a higher rate of return to offset for the level of liquidity, property owners whose property is temporarily stigmatized should be compensated for losing the option to sell at the price of a pristine property during the period of adjustment.
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